Scanning tunneling microscopy investigation of 2H-MoS_2: A layered semiconducting transition‐metal dichalcogenide by Weimer, M. et al.
Summary Abstract: Scanning tunneling microscopy investigation of 2H-
MoS2: A layered semiconducting transition-metal dichalcogenide 
M. Weimer, J. Kramar, C. Bai, and J.D. Baldeschwieler 
CalifornialnstituteofTechnology, Pasadena. California 91125 
W.J. Kaiser 
Jet Propulsion Laborato1")l. Pasadena. California 91109 
(Received 22 September 1987; accepted 28 October 1987) 
Scanning tunneling microscopy1 (STM) has been enor-
mously successful in solving several important problems in 
the geometric and electronic structure of homogeneous me-
tallic and semiconducting surfaces. A central question 
which remains to be answered with respect to the study of 
compound surf~ces, however, is tpe extent to which the 
chemical identity of constituent at~~s may be established. 
Recently, progress in this area was made by Feenstra et al. 
who succeeded in selectively imaging either Ga or As atoms 
on the GaAs ( 110) surface. 2 So far this is the only case where 
such selectivity has been achieved. In an effort to add to our 
understanding of compound surface imaging we have under-
taken a vacuum STM study of 2H-MoS2, a material which 
has two structurally and electronically different atomic spe-
cies at its surface. 
Because it is semiconducting, one expects the surface elec-
tronic wave functions of molybdenum disulfide to be prefer-
entially localized over specific atoms. We find that it is possi-
ble to distinguish two distinct atomic sites at this surface by 
tunneling microscopy, both in the conventional constant-
current variable-height mode (without obtaining anoma-
lously large corrugation amplitudes) as well as in the vari-
able-current constant-height mode. An example is presented 
in Fig. 1 and a more detailed account of our work is given 
elsewhere. 3 
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FIG. 1. Variable current image of the surface of 2H-MoS2 at + 250 mV 
sample bias and 2 nA mean tunnel current using an electrochemically 
etched W tip. Color bar indicates ac current modulation relative to mean 
current. The sample was cleaved in air and pumped down to 2 X 10- • Torr 
without baking. 
From the viewpoint of the (001) surface projection, the 
top layer of molybdenum disulfide consists of a hexagonal 
lattice of sulfur atoms with 3.16-A spacing. Below this plane 
is an identical lattice of molybdenum atoms laterally dis-
placed so as to reduce the sixfold S planar rotational symme-
try to threefold symmetry. The surface unit cell1s diamond 
shaped with four atoms of one type (either S or Mo) at the 
corners, a single atom of the other type centered in one trian-
gular half of the cell, and a hollow located in the other half. 
Figure 1 shows an atomic-resolution current-contrast image 
of this surface obtained at positive sample bias so that elec-
trons tunnel into unoccupied states of the sample. A cen-
tered hexagonal pattern of bright spots is evident, as are 
three distinct sites corresponding to the two constituent 
atom types and a surface hollow. An overlay of the surface 
unit cell shows the expected structure. Figure 2 displays the 
variation in tunnel current through the series of cell diagon-
als and cell edges indicated in Fig. 1, revealing a repeated 
pattern of three sites along the former and only a simple 
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FIG. 2. Interpolated cross sections through the data of Fig. l (a) along the 
[210] cell diagonal and (b) the [OlO] cell edge. 
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sinusoidal modulation along the latter. 
One interpretation of our results would be that sulfur 
atoms, which are closest to the tip, are responsible for the 
brightest points in our images while molybdenum atoms ac-
count for the secondary peaks. The predominant factor gov-
erning tunneling microscope images, however, is the contri-
bution each atom's valence orbitals make to the position- and 
energy-dependent density of states (near E1 ) at distances 
above the surface normally associated with tunneling.4 Nu-
merous theoretical investigations of the band structure of 
2H-MoS2 (Ref. 5) point to a substantial Mo 4d contribution 
at the top of the valence band and bottom of the conduction 
band. Thus, one cannot a priori ignore the possibility that 
Mo 4d levels, rather than S 3p levels, are primarily responsi-
ble for the tunnel current. 
In conclusion, we have demonstrated that it is possible to 
clearly resolve two chemically and structurally distinct 
atomic sites in a layered compound by tunneling micros-
copy. It will be interesting to see whether future experi-
ments, combined with appropriate calculations, can unique-
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ly establish the position of the transition metal atom in this 
and similar layered semiconductors. 
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